Supplementary

Neutron Spin-Echo Spectroscopy
It is noteworthy that PMMA is dynamically frozen on the NSE timescale as the temperature is close to its glass transition temperature. Brodeck et al. 26 reported the single chain dynamic structure factor for 23 kg/mol d-PMMA in blends with 25% 23kg/mol h-PEO at 400K as .Only for the blends of very short chains (≈2 kg/mol, 20:80 PEO/PMMA ratio) the PMMA affected the PEO dynamics; yet the effect was found to be due to lower T g of short PMMA, a case not relevant in this work. In an independent study, we also measured collective PMMA dynamics in the absence of PEO and found no noticeable relaxation of PMMA even at a temperature ≈80K above the bulk glass-transition temperature of PMMA. In addition, d-PMMA/d-PEO ratio in our samples is less than 3%. Therefore, the measured S(Q,t) is entirely due to d-PEO relative to h-PEO. 
